Purpose Choroidal neovascularisation (CNV) occurs rarely following laser photocoagulation for macular oedema in diabetic retinopathy, and its management is not well established.
cases arise from more focal pathological processes. Inflammatory conditions,3 resulting in choroidal or chorioretinal scarring, or accidental or surgical trauma 4 including laser photocoagulation,5 have also been reported to cause CNV.
The value of laser photocoagulation in the treatment of extrafoveal CNV has been established by randomised trials,6, 7 but the management of subfoveal CNV remains controversial. Macular laser photocoagulation is associated with development of a scotoma in the area of laser and therefore loss of central vision if used to treat subfoveal membranes. 8 Surgical extraction of subfoveal CNV, in an attempt to preserve central vision, has been found to be helpful in some cases, 9 particularly presumed ocular histoplasmosis syndrome (POHS),3 but less so in AMD. lO We report the clinical findings in 4 patients with subfoveal CNV following macular laser photocoagulation for diabetic retinopathy, who underwent sub retinal surgery for extraction of the neovascular membrane, and the histological findings in 2 of these cases.
Materials and methods
A retrospective review was performed of the medical records of 4 patients who underwent surgical extraction of a subfoveal choroidal neovascular membrane arising following grid macular laser photocoagulation. All patients underwent full ophthalmic examination, including slit-lamp biomicroscopy, fundus photography and fluorescein angiography. We reviewed the pre-operative and post-operative clinical details, and evaluated the fundus colour photographs and fluorescein angiograms.
All 4 patients underwent a standard approach as described by Thomas and Kaplan.3 Briefly, a pars plana vitrectomy was performed with removal of the posterior vitreous cortex. A posterior retinotomy site was created' to allow access to the choroidal neovascular membrane. A subretinal pick was used to mobilise the area at the edge of the neovascular complex. Following this, the infusion pressure was raised in the eye so as to prevent subretinal bleeding and then subretinal forceps used to remove the CNV. After a 5 min period of observation, the intraocular pressure was then lowered progressively ensuring no further bleeding occurred, and a fluid-air exchange was performed.
Patients were asked to remain in a face-down position for 3-5 days following surgery.
Results
Four patients with adult-onset diabetes mellitus developed choroidal neovascularisation following laser photocoagulation. There were 2 women and 2 men with a mean age of 59.5 (range 58-62) years. Follow-up ranged from 9 to 48 months. The CNV developed an average of 11 (range 2-24) months following laser and resulted in reduction of the visual acuity to between 6/60 and HM (Table 1) . Each patient had a large subfoveal choroidal neovascular membrane at the time of surgery. At surgery 2 of the patients had neovascular membranes that were thought to be overlying the retinal pigment epithelium. In the third patient (case 2) the neovascular membrane was found to have been adherent to several areas of laser scarring. The nature of the membrane of the fourth patient was not described. In patients 1 and 3, post-operative visual acuity improved by 1 and 4 Snellen lines respectively. The vision in patient 4 improved initially by 1 line and then deteriorated to the pre-operative level, and in patient 2 remained unchanged (Table 1) . Choroidal neovascularisation recurred in patient 4 after 2 months.
Clinical details

Case 1
A 58-year-old Caucasian man presented with a 4 month history of decreasing left visual acuity. Six months previously he had undergone focal laser photocoagulation for clinically significant diabetic macular oedema associated with non-insulin-dependent diabetes mellitus of 8 years' duration ( Fig. la, b) .
At presentation his right visual acuity was 6/24 and the left visual acuity was 6/60 eccentrically. In the right eye there was advanced diffuse macular oedema with intraretinal haemorrhages and a subfoveal plaque of exudate. In his left eye he had serous macular detachment and a subretinal haemorrhage as well as numerous intraretinal microaneurysms, exudates and cystoid macular oedema (Fig. 1c) . Fluorescein angiography disclosed a left choroidal neovascular complex apparently associated with a large laser scar.
There was diffuse intraretinal leakage in both maculae (Fig. 1d) .
Following (Fig. 2c, d ).
(e) She was found to have clinically significant macular oedema and underwent modified grid argon green laser photocoagulation, using 100 /-Lm spots, to the temporal part of the macular region. The treatment was described as 'uneventful'. Two months later she re-presented with rapid deterioration in her right visual acuity. At that time her right visual acuity was 6/60, and the macula was elevated by serous subretinal fluid associated with a subretinal haemorrhage (Fig. 3a, b) . Fluorescein angiography showed CNV apparently arising from one of the laser bums and extending under the fovea (Fig. 3c, d ). Submacular surgery was recommended. At surgery the CNV was relatively easily dislodged from the underlying tissues and following the removal a minute haemorrhage at the edge of the laser scar superotemporal to. the fovea appeared, suggesting the site of the original feeder vessel. Histological examination disclosed a typical CNV with abundant fibrous tissue, pigment cells and vascular channels.
Post-operatively the macula was reattached and 6 months later her visual acuity improved to 6/12. A year later, an arrowhead of intraretinal exudates appeared in close proximity to the fovea and fluorescein angiography suggested intraretinal leakage from retinal microaneurysms (Fig. 4) . Further focal laser treatment was declined. At 2 years her right visual acuity remained stable at 6/12. A 60-year-old Caucasian man with adult-onset diabetes mellitus for 17 years presented with a large subretinal haemorrhage in his left eye. His visual acuity was reduced to hand movements (HM). He had undergone macular photocoagulation, at another hospital, 2 years previously but the visual acuity after this procedure is unknown. Fundoscopy showed extensive submacular haemorrhage elevating the retina, with hard exudates, the haemorrhage masking the location of the sub retinal neovascular membrane on fluorescein angiography. He underwent pars plana vitrectomy, removal of subretinal blood and removal of subretinal neovascular membrane through a temporal retinotomy. One month post operatively his vision was 3/60, the macular hard exudates were persisting and an atrophic scar was evident at the retinotomy site. Two months post operatively, the visual acuity had decreased to counting fingers, and the subretinal choroidal neovascular membrane had recurred with an overlying serous retinal detachment. The patient declined further surgical removal. Although the serous detachment partially subsided with less metamorphopsia by 10 months post operatively, the visual acuity remained counting fingers, and the patient was subsequently lost to follow-up.
Discussion
In this paper we report 4 patients who underwent surgical excision of subretinal neovascular membranes which occurred following laser photocoagulation for diabetic maculopathy. Subretinal neovascularisation is a potential cause of severe visual loss in a variety of conditions including age-related macular degeneration, presumed ocular histoplasmosis syndrome, pseudoxanthoma elasticum with angioid streaks, myopia, trauma, following macular laser photocoagulation l -7 and may also be idiopathic. retinal pigment epithelium at the time of surgery. He proposed a classification of CNV according to its location. Type 1 CNV is most commonly seen in conditions with diffuse involvement of the RPE, such as age-related macular degeneration, and the neovascular complex underlies and has multiple attachments to the RPE, thus making extraction of the CNV with preservation of the RPE technically impossible. Type 2 CNV is usually seen in conditions with focal damage of the RPE, such as after POHS or with idiopathic CNV, and it may be possible to remove these membranes while preserving the RPE since the CNV is located in the sub neurosensory retinal space and may not be adherent to the RPE. 17 • 20
Subfoveal CNV has been reported following previous focal macular laser photocoagulation for diabetic macular oedema. for type 1 membranes. 9 The membranes of only 2 of our patients were sent for histopathological examination, and demonstrated the difficulty in differentiating the two subtypes of membranes on excised specimens as compared with enucleated material. One other recent publication of surgical removal of iatrogenic CNV reports two cases: one with CNV arising following focal laser for diabetic macular oedema as in this study, and the other arising following quadrantic scattered photocoagulation for macular oedema following branch retinal vein occlusion?6 The CNV in the latter case was initially treated by focal laser and excision was undertaken later when it recurred. Both patients had improved visual acuity, reduced scotoma size and no recurrence of CNV in the respectively 1 and 2 year follow-up periods.
Taking our present study along with that of Chen et al. 2 6 we can draw a number of conclusions regarding surgical extraction of laser-related CNV membranes. Firstly, the scar from the previous laser does not prevent surgical access to the CNV and the surgery is technically feasible. Secondly, the visual results may be beneficial, especially if the CNV membrane is of the type 2 variant with only focal involvement of Bruch's membrane (presumed in cases 1 and 3 in our study). A favourable feature on a pre-operative angiogram would be a demonstrable single feeder vessel to the CNV membrane. FInally, CNV recurrence remains a possibility.
